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SYNOPSIS: 

As an illustration of the application of "systems 
approch" in the study of "procedures ", a systematic analysis of 
a procedure designed to finalise the marks, ^ regarding the 
re-valuation of university examination papers, is presented here. 
Specifically, the procedure adopted to finalise the marks, in 
situations requiring "third valuation", is studied in detail. The 
discontinuous nature of the corresponding function results in 

jumpy behavior; which seems to be quite erratic, especially in the 

0- • 

absence of knowledge regarding the placement, size and type of 

such jump discontinuities. A remedy is suggested, to eliminate 
such problems, through a more rational choice in the design of the 
procedure. 
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1.0 INTRODUCTION: 



Systems approach in the study of rather abstract conceptual entities 
Hke ''procedures'' may be somewhat less prevalent than its applications in 
the study of grosser entities or models. Here is an illustration of such an 
approach applied to a procedural system designed to finalise the marks in 
situations pertaining to the re- valuation of university examination papers. 

It-- 

Such situations (and hence the need for such procedural systems) are 
quite common in some traditional universities with affiliating institutions, 
where the evaluation of an examination paper leads to a percentage score 
(marks) reported by the university. First, a brief outline is given here, of one 
such procedural system that seems to be adopted in actual practice, as a 
basis to build up the required steps in this analysis. 

It is usually understood that a re- valuation of a university examination 
paper is in fact initiated by a request from the concerned student, who 
obtains marks X, given by the first valuer, which probably is less than 
one's expectation. Such a paper is taken up for re-valuation. In the usual 
procedure, if the difference between X, the marks given by the first valuer, 
and Y, that given by the second valuer, is within some predefined allowable 
margin S (say 10), then the marks Y, given by the second valuer, is 
reported as the finalised marks for that paper. Else (if they differ by an 
amount larger than the predefined allowable margin), that paper is taken up 
for "third valuafion". The marks z given by the third valuer is then used 
along with that given by the first and the second, in order to determine the 
marks to be reported as the finalised marks for that paper. The procedure 
used here is to take the average of the closest two among the three 



numbers. In case of a tie, that is, when the three are situated evenly 
separated out, then the m^erage of the higher two is computed and 
reported as the fmaUsed marks for tJiat paper, 

2.0 PRELIMINARY ANALYSIS: 

To start with, let us consider the last one bit of the above procedure, 
namely the one meant to break the tie in the choice between two alternatives. 
This occurs when the three numbers are such that the- middle one is exactly 
equal to the arithmetic average of the other two. Certainly, the middle one 
can either be combined with the lower one or with the higher one, since in 
both cases the earlier rule is equally satisfied. However, we need to come up 
with a unique (single) well defmed number as the finalised marks, and 
cannot leave it open for ambiguities. So. it looks intuitively justified to give 
the benefit of doubt(!) to the student, by choosing the one alternative that is 
beneficial to the student: that is, to compute the average of the higher two 
out of the three numbers. 

Now imagine what would have been the result if the middle number 
were to take a value shghtly lower than the exact- mid-point. This small 
downward perturbation (strictly speaking, infinitesimal: but in pracfice 
say, -1) can lead to a sudden jump dov^nw^ard in the finalised marks. The 
extent of this jump can be significant enough for the student concerned, 
although the cause thereof namely the small change in the value of the 
middle number may not be significant enough from the valuer's point of 
view. Even highly conscientious valuers (the first, the second and the third) 
cannot help the situation (even if one is fully aware of the occurrence of 
such discontinuity) because the exact placement of this jump discontinuity is 



not known. In fact, as per the established procedure, none of the valuers 
knows the marks given by the other two (although it is quite appropriate, 
and may be rather essential in order to safeguard against other problems!) 
and so cannot exercise any extra caution to avoid, or to manoeuver carefully 
around, such points of discontinuities. 

Even supposing that each of the valuers is informed of the marks 
given by the other two (say, by the earlier ones, to be quite practical!) the 
work' involved to determine the placement size and type of such jump 
discontinuities in each case (that is, for each answer script) is itself 
unnecessarily complex. Also, it is not desirable, nor would it be effective, to 
expect the valuers to go through such burdensome details arising out of a 
poorly designed procedural system, rather than pay attention to the fairness 
in the actual valuation itself 

3.0 IN-DEPTH ANALYSIS: 

Let us model the system by fust identifying the relevant basic 
parameters and their relationships. We have already mentioned four 
parameters earlier, namely 

X: marks giVen by first valuer, 

Y: marks given by second valuer, 

z: marks given by third valuer, 

S: predefined allowable margin for the difference abs(Y-X) 
beyond which one goes for third valuation, and 
within which one would not have gone for third valuation. 



For the convenience involved in further analysis, let us define the following 
derived parameters: 
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s ^ {(x+S) or (y- S)> 
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u = the finalised marks, reported by the university 


(9) 



The situation requiring third valuation can then be modeled by the following 
statement: 

if (vv < S) :then u <^Y; 

else {that is, if (w > S) :then} go for third valuation. (10) 

The procedure used to determine the average of the closest two among the 
.three marks, can now be modeled by the following statements: 

» 

if ( z < {T = L}) :then u <^ t; (11) 

elseif ({T = L} <z < t ) :then u <- (z + x)/2; (12) 

elseif ( t <z < {T = R}) :then u <r- (z + y)/2; (13) 

elseif ({T = R} <z ) :then u <- t; (14) 

report u as the finalised marks. 



Detailed analysis of the above model would reveal that the 
discontinuities in u are not only just w.r.t. z, but also w.r.t. each of x 
and y (and therefore w.r.t. each of X and Y). To understand the 
discontinuities w.r.t. x or y, imagine what would have been the result if 
either the first or the second valuer were to give a slightly different marks 
than the current situation; that is, a perturbation or a variation in either x or 
y, and analyse its effect on u. 

4.0 A GENERAL FRAMEWORK FOR A SYSTEM MODEL: 

It is essential to be able to < define and represent completely and 

unambiguously, the parametric environment as a basis with reference to 

which a systematic analysis of the effect on u of the 

perturbations/variations in the parameters z or y or x can be performed. 

For this purpose, a general framew^ork for the definition and representation 

of such an environment, is developed, which is found to be flexible and 

versatile, while at the same time being clear and simple. The same approach 

is also made use of in the symbolic representation of the various classes of 

jump disconfinuities that are dealt with here. 

k, - 

4.1 String Representation of a Parametric Emdronment Defined: 

The environment under which the effect of perturbations/variations in 
z are to be analysed consists, in essence, of the set of parameters S, x, y. 
However, for our convenience, w-e will also include the additional derived 
parameters defined earlier in (3)-(8). The relative ordering of the values, 
.among some of these parameters, that are valid in the specific situation 



requiring third valuation, results in an ordered sequence of these symbols. 
This defines, in effect, a symbolic string, which can be thought of as a 
unique scheme for representing such an environment. Here, the symbolic 
string representation thus obtained is {TxstsyT}, to which we prefix the 
symbol representing the \'ariable being perturbed, that is z. So, the 
complete string representation for the parametric environment wherein the 
effect on u of the perturbations/vaiations in z is being analysed, is: 
z& {TxstsyT) . Note that the relative order of placement of the labels along 
the z-axis in Figure- 1, exactly corresponds to the order of the symbols in 
this string representation of the parametric environment. 

The symbol T in the above string representation is to be interpreted 
as either L or R depending on its relative placement w.r.t. that of x 
arid/or y, as per their definitions giwn earlier in (5)-(7). This contextual 
dependence, which may seem to be an unnecessary complexity' in the 
system model, turns out to be an added strength in terms of the symbolic 
elegance, leading to flexibility and vcrsafility in the use of the symbols for 
several distinctly different contextual situations, as would be clear by a 
detailed study of this paper. 

Also, the seeming ambiguity in the actual definition used for s does 
not reflect a weakness here, but again a strength, indicating the generality 
and versafility of this system model, since it can result in a condensed set of 
possible symbolic strings (in fact, half the number otherwise needed) in 
order to cover (span) the set of all possible environments. It is to be noted 
also that the presence of the symbol s appearing twice in the string is not 
superfluous/redundant information, since inclusion of this s7mbol on either 
side of t, and again this triplet sts being prefixed by x and suffixed by y 
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indicates that the condition specijSed in (10) indicating the need for third 
valuation is satisfied, without which there is no meaning in analysing the 
effect of perturbations/variations in z. 

Again, the use of symbols s, t and T have been chosen here 
specifically for yet another broader purpose of achieving effective elegance, 
flexibility, generality and versatility in a single design decision, as can be 
realised on a detailed closer study of this entire paper! The symbol t always 
refers to a transition point whereat may occur (if at all) only an upward jump 
discontinuity (specifically a p-jump as defined in Section 4.2), whereas the 
symbol T always refers to a transition point whereat may occur (if it all) 
only a downward jump discontinuity (specifically a q-jump as defined in 
Section 4.2). Each of these two arises from the peculiar and counter- 
intuitive behaviour of the function associated with the design of the 
procedure system, corresponding to the use of the three numbers in 
finalising the marks. The symbol s always represents the point of 
transition, "below" or within (closer to x or y as applicable) which third 
valuation is unnecessary (irrelevant) and "beyond" (away from x or y, as 
applicable) which third valuation is ver\' necessaiy and even crucial. This 
point of transition cah be a possible place of jump discontinuity, as can be 
seen when the efTect of perturbations/ variations in x or y is analysed, as 
* described in later sections. 

» 

4.2 Four Types of Simple Jump Discontinuities Defined: 

In the analysis of discontinuous functions, the simplest situation 
corresponds to the case when a function has only a finite number of points 
of discontinuities. For such lunctions, at any(every) such point of 
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discontinuity, it will not be the case that the three values, namely (i) the left 
limit (ii) the right limit and (iii) the actual function value itself, be all equal 
to one another, even when each of them is well-defined. I-f all these three are 
well-defined and are in fact equal to one another, the function is, by 
definition, said to be continuous. 

We define a Simple Jump Discontinuity' to be a jump discontinuity 
whereat the actual funcfion value achieved (at the very point of 
discontinuity) corresponds to either the left limit or the right limit, ft is useful 
to recapitulate that, the left limit here is defined to be the limiting value of 
the function obtained while approaching the point of discontinuity from the 
left or smaller or negative side; and the right limit here is defined to be the 
Umiting value of the funcfion obtained while approaching the point of 
discontinuity from the right or larger or positive side. 

In order to fully characterise tlie nature of a simple jump 
discontinuity, it is classified as either an upward jump or a downward jump, 
based on the "sign" of the jump discontinuity. Further, the "type" of a 
simple jump discontinuity is defined based on which of the two limiting 
values the function actually takes at the point of discontinuity. Specifically, 
the qualifier prefix symbols d and q are used to define the upward and 
downward jumps when the function takes the value of the left limit. On the 
other hand, the qualifier prefix symbols p and b are used to define the 
upward and downward jumps when the function takes the value of the right 
Hmit. Thus, there can be in general, four distinct types of simple jump 
discontinuities, all of which are in fact observed to occur in the case of the 
procedural system design being analysed here. Situations where either a 
d-jump or a q-jump may occur (for example, based on whether X is 
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lower than Y or otherwise) are indicated by the qualifier symbol . Also, 
situations where either a b-jump or a p-jump may occur (for example, 
based on whether X is lower than Y or otherwise) are indicated by the 
qualifier symbol \), These concepts are very well summarised in Table- 1 . 

4.3 Paired Jumps Identified: 

Simple Jump discontinuities of opposite signs, when located very close 
together, in general, can result in extremely undesirable system perfonnance 
(behaviour), thus indicating an even more serious design defect. It will be 
shown later that, the existing procedural system design being analysed in 
this paper, does indeed lead to the occurrence of three types of paired 
jumps, namely: qp-pair (three cases), dq-pair (two cases) and pb-pair 
(one case). 



5.0 PERTURBATIONS / VARIATIONS IN z: 

«. • 

Using the above model, it is clear that there are three jump 
discontinuities in u w.r.t. z. The placement of these jumps correspond to 
the transition points, as defined bythe successive expressions used for the 
determination of u, the applicability of each of which depends on the value 
of z in relation to the four partitions (subintervals), in (11)-(14) above. 

• 

Identifying the occurrence of a jump discontinuity can be simplified 
by considering the string representation of the environment, z&{TxstsyT} 
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and imagining the symbol representing the perturbed variable (z in this 
case) to be moving through the string from left to right checking as everv' 
one of the symbols in the string is encountered, to see whether any one of 
the conditions for the application of any of the rules in the procedure gets 
satisfied. If so, they are executed accordingI>, or else the movement 
continues forward. Thus it can be easily observed that the only possible 
points (if at all) of any jump discontinuity' would be the three identified by 
T=L, t, T=R. 

Each jump discontinuity is referred to by a unique string 
representation designed to give an unambiguous and complete (being 
concise but precise) description regarding the genesis, the placement, as well 
as the t>'pe of the jump discontinuit^^ The design for such a String 
Representation of a Jump Class follows closely that of the string 
representation of the parametric environment wherein the particular jump 
discontinuity is observed to occur. In fact the very same string is further 
loaded with appropriate additional information regarding the genesis, the 
placement and the type of this particular jump discontinuity in question, and 
also that of any (every) other jump discontinuity that may occur in that 
environment. The reader is urged to think about the details of this singularly 
unique design, in developing a system model to describe such situations! 

Table-2 gives the details regarding the three classes of jump 
discontinuities observed to occur, as the effect on u of the perturbations in 
z, under the appropriate environment identified eadier. Further, Table-3 
gives typical examples to illustrate the -occurrence of each of these three 
categories of possible jumpy behavior observed in u, caused by 
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perturbations in z. Also, Figure- 1 shows tlje graphical representation of the 
environment illustrating the effect on u, of perturbations/variations in z. 

6.0 PERTURBATIONS / VARIATIONS IN x: 

The possible environments under which the effect of perturbations/ 
variations in x need to be analysed, consist in essence, of the set of 
parameters {S, y, z}. As done earlier, we will also include derived 
parameters t T, s, redefined here as follows: 

w ^ abs(z-y) * (15) 

* t ^ (y + z)/2 * (16) 

T ^ L ^ (Min{y,z} - w) (17) 

s ^ (y-S) ^ - (18) 

Thus, each set of relative values among the set of five parameters, 
namely {y, z, t, T, s} define a possible partitioning of the domain within 
which the variable x is allowed to vary. Specifying these five parameters in 
their exact order, based on their values, in any particular case, therefore 
defines completely the environment for the study of the 
perturbations/variations in x. Considering the inherent restrictions in terms 
of the relative order among some of these five parameters (that is: x < y; 
s<y; either y<t<z or z < t < y; T < t) arising out of their definitions, 
one can clearly arrive at the six distinct environments, under each of which 
an analysis of the effect of perturbafions/variations in x can be studied, as 
presented in Table-4. 
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The detailed steps in such an analysis, corresponding to each of the 
six distinct environments, require the explicit definition of the functional 
form of u expressed in terms of x as the independent variable and all the 
others as parameters, similar to the relations (1 1 H14) where z is treated as 
the independent variable. As earlier, these details can be ver>' clearly 
thought of by considering the string representation of the environment, say 
.for example, x&{Tsytz) and imagining the symbol representing the 
perturbed variable (x in this case) to be moving through the string from left 
to right, checking as every one of the symbols in the string is encountered, to 
see whether a«iy one of the conditions for the application of any of the rules 
in the procedure gets satisfied. If so, they are executed accordingly, or else 
the movement continues forward. Thus it can be easily observed that the 
only possible points (if at all) of any jump discontinuit)^ would be the three 
identified by t, T, s. 

Table-5 gives typical examples to illustrate the occurrence of each of 

these categories of jumpy behaviour obsei-ved in u, caused by perturbations 

• in X. Figure-2 illustrates the effect on u, of the perturbations/variations in 

x under the six distinct possible environments. 

*■ • • 

7.0 PERTURBATIONS / VARIATIONS IN y: 

The possible environments under which the effect of perturbations/ 
variations in y need to be analysed, consist in essence, of the set of 
parameters {S, x, z}. Again as done earlier, we will also include derived 
parameters t, T, s, redefined here as follows: 
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w = abs(z - x) 



(19) 



t ^ (X + z)/2 

R ^ (Max^x, z} + 



w) 



(21) 



(20) 



s ^ (x + S) 



(22) 



Thus, each set of relative vakies among the set of five parameters, 

namely {x, z, t, T, s} define a possible partifioning of the domain within 

f. 

which the variable y is allow^ed to var\'. Specifiying these five parameters in 
their exact order, based on their values, in any particular case, therefore 
defines completely the environment for the study of the 
perturbations/variations in y. Considering the inherent restrictions in terms 
of the relafive order among some of these five parameters (that is: x < y; 
X < s; either x < t < z or z < t < x; t < T) arising out of their definitions, 
one can clearly anive at the six disfinct environments, under each of which 
an analysis of the effect of perturbations/variations in y can be studied, as 
presented in Table-6. 

Table-7 gives typical examples to illustrate the occurrence of each of 
these categories of jumpy behaviour observ^ed in u caused by perturbations 
in y. Figure-3 illustrate the etlect on u of the perturbations/variations in y, 
under these six distinct environments. 



First of alL it is to be noted here that in our system model we denoted 
the lower of the first two numbers X and to be x, *and the higher of 



8.0 DISCUSSION: 
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them to be y. It is possible in actual practice, that Y can be either smaller 
or larger than X, while the difference exceeds S so that a situation arises 
requiring third valuation. Thus, in terms of these three actual parameters, 
there would result a total of fifty (2x3^-2xl 1+2x1 1 ) distinctly 
different classes of discontinuities, that can occur in realistic situations, 
which may be easily obtained from the twenty-five classes listed in the 
Tables 2, 4 & 6. Table-8 gives the complete listing of all these fift>^ classes of 
jump discontinuities. 

Notice that among these fift}^ distinctly different classes of possible 
jump discontinuities, six are p-jumps occurring at transition points 
represented by t twenty are q-jumps occurring at transition points 
represented by T. the remaining twents' four being jump discontinuities 
occurring at transition points represented by s. Among these twenty four, 
each type of jump discontinuity (d- , q- , p- . b- ) occurs in six distinct 
cases, thus totalling twenty four. Also notice that among the above fifty 
classes of jumps, thirty two are downward jumps and only eighteen are 
upward jumps. Again, the existence of the six occurrences among the three 
types of paired jumps must be considered to be an even more serious design 
defect. The occurrence of these paired-jumps are indicated in Tables 5 & 7, 
in the fourth column, by the appropriate labels corresponding to the type of 
the paired jumps. The reader is urged to think about the details as to the 
extremely undesirable system behavior arising out of each of these paired 
jumps. In Table-8, the occurrence of paired jumps are indicated by 
enclosing such jump-pairs within a box. 

Also note that some entries in the fourth column (that is, u) of Tables 
5 & 7 and the entries in the last column (that is, v) of the Tables 3, 5 & 7 
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have two numbers, of which one is put within a pair of parentheses. They 

correspond to the two situations, one where x stands for X and y for Y, 

and the other where x stands for Y and v for X. 

•« 

There may be several other y more mformal, uttuitive, less rigorous, 
and probably more appealing (depending on the nature of the 
audience/reader) approaches to arrive at the above conclusions, and we 
leave it to yon to think about them depending on the need. 

4 

8. 1 Question of Realism: 

• 

Consider the discontinuities arising due to variation in z. Out of the 
three possible classes of discontinuities, one may possibly argue that the two 
downward jump discontinuities may have only a very remote possibility of 
occurring in actual real-life situations. In other words; although the system 
model represents the complete domain, one may argue that in real-life, the 
actual effective operating domain would not possibly include these two 
downward jump discontinuities (which certainly pose far more serious 
basic/fundamental questions regarding the conceptual structure of the design 
. adopted for the development and actual detailed construction of procedural 
system, as compared to the other upward jump discontinuity). But, even 
considering such details regarding the characteristics of a system model 
pertaining to practicality (or the extent of nearness to reality) one cannot but 
have to accept this as the best system model for the situation being studied. 
Again, even if one considers only the class of the upward jump 
discontinuities w.r.t. z, as realistic, immediately it is unavoidably associated 
with the downward jump discontinuities w.r.t. both x and y. The fifty 
distinctly different possible classes of discontinuities are very closely 
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associated with one another among themselves, that irrespective of 
whichever pennutation of the relative order of the values of the three 
numbers X, z is considered as the most realistic, there would always be 
the one simplest and most probable (highly likely) case of the middle 
number (call it m) varying just around the mid-point as defined by the 
smaller (call it, 1) and the larger number (call it r). Then the two classes of 
downward jump discontinuities can be denoted by a further compact 
conceptual representation scheme as {(Tlq)mr} and {Im(Trq)} whereas 
the claf?>s of upward jump discontinuity can be denoted by {l(pmt)r}. Thus, it 
will always be the case that retaining (without altering) the relative order of 
values of the actual real-life example, one would be able to consider three 
simplest and most probable (highly likely) cases of perturbations that lead 
to (result in) two cases of downward jump discontinuities and one case of 
upward jump discontinuity! 

Added to these, there also exist jump discontinuities located at 
transition points represented by s, counted to be twenty four distinct classes 
out of the total of fifty! These twent\' four classes occur equally distributed 
among the six situations, as four each corresponding to each of the six 
distinct permutations in the possible relative order of the three numbers X 
Y and z; as seen in the six columns in Table-8. Also, the existence of three 
types of paired jumps counted to be six cases, indicates an even more 
serious (and very realistic indeed) design defect in the existing system, as 
mentioned earlier. 

The other thing to be noted is that out of the total of fifty distinctly 
different classes of jump disconfinuities identified and analysed, almost half 
of that number, that is twenty four, located at transition points represented 
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by s, in fact occur because of the unintended, unforeseen and undesirable 
interaction of the performance of the two subsystems, one corresponding to 
the situation not requiring third valuation, and the other one that requires it. 

8.2 So What, If There Are Jumps? 

One can still question: "so what, if there are jumps?" This is a 
somewhat unfortunate question to be raised at this stage, after realizing that 
the jumps (discontinuities of the -kinds mentioned above) are afterall 
unavoidable. In fact, any argument on the basis of realism or practicality 
would only support and justify the urgent need to address this problem 
through the kind of systematic approach adopted here. 

In any case, the best way to answer this question is to appeal to one's 
kindself to try to perceive the feelings (virtual?) of the affected student 
whose destiny (in a very narrow sense indeed?) jumps up or down in tune 
with the above jumpy behavior incorporated (maybe, not intentionally, by 
the way) into the design of the procedural system under study here. 

9.0 A PROPOSED SOLUTION: 

In order to eliminate completely, the problem of any occurrences of 
discontinuities, the procedural system needs to be redesigned. It is to be 
noted here that the two most crucial characteristics that need to be satisfied 
by any acceptable design for the procedural system in question are: 
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(i) monotonicity (that is, monotonically non -decreasing) and (ii) continuity, 
with respect to all the variables/parameters involved. 

We describe here a procedural system which is designed with a veiy 
useful characteristic, namely one of minimal modification w.r.t. the existing 
system. In fact, it is so designed that only those cases which do in fact 
require a third valuation are the ones that call for further attention, and 
absolutely no change is needed if a case can be resolved right at the 
stage of second valuation. Of course, many other interesting (and 
elegant?) solutions can also be thought of for the entire process of 
revaluation^ with which we will not bother you at this point. 

The computational model of the suggested or proposed system can be 
summarised by the following statements: 

if (Y<Min{(X-S),z}) :then v ^ Min{(X-S), z}; (23) 
elseif (Min{(X-S), z} < Y < Max{(X+S), z}) :then v ^Y: (24) 
elseif (Max{(X+S), z} < Y) :then v ^ Max{(X+S), z}; (25) 
report v as the finalised marks. 

This system model, although at first sight may seem to be rather 
complex turns out to be in fact a very simple design! It may not be necessary 
nor would it be practical to dwell upon the details of the design-process itself 
at this point. However, it is useful to analyze this system, for two reasons: 
firstly to understand (and maybe, appreciate the simplicity and naturalness 
thereof) and secondly to convince oneself that this system design does 
indeed perform as desired, without causing undue burden to the people 
involved. 
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In order to understand and get some insight into the details of the 
above system design, let us rewrite the system model expressed succinctly in 
three steps (23)-(25), by elaborating the details as follows: 



if Y<(X-S)<z :then v ^ (X-S) (26) 

elseif Y < z < (X-S) : then v ^ z (27) 

elseif z < Y < (X -S) : then v ^ Y (28) 

' elseif (X-S) < Y < (X+S) : then v ^ Y (29) 

elseif (X+S) < Y < z : then V <- Y (30) 

elseif (X-i-S)< z<Y : then v ^ z (31) 

elseif z < (X+S) < Y : then v ^ (X+S) (32) 



Here the statements (26) & (27) are together equivalent to statement (23) 
above; (28), (29) & (30) together are equivalent to (24); and (31) & (32) 
together are equivalent to (25) above.- ^ . 

The reasoning involved in the above set of relational-logical 
operations in (23)-(25) or equivalently in (26)-(32), representing the system 
model corresponding to the proposed system design, is quite simple. First 
consider (29) which is a straight forward check to see if it is necessary at all 
to go for third valuation. If not (that is, if the second number Y is close 
enough to the first number X within the allowable lower and upper limits) 
just report the marks Y given by the second valuer, as the finalised marks. 
Note that in the context of second valuation, the lower limit on Y is (X-S) 
and the upper limit on Y is (X+S). 



However, if third valuation is found necessary, the value of z so 
obtained is used, as if, to possibly re-define (in the context of third 
valuation) either the lower or the upper limit on Y, whichever is applicable. 
That is, if z is less than (X-S), then the lower limit on Y gets re-defined 
to be equal to z itself If on other hand, z is higher than (X+S), then the 
upper limit on Y gets re-defined to be equal to z itself Lastly, if z is 
between (X-S) and (X+S), then these lower and upper limits on Y 
continue to be unaffected by the actual value that z takes within these 
limits r 

Having possibly re-defined the upper / lower limit on Y, now the 
actual value of Y is again compared with these new limits^ to identify 
w^hich one of the following three cases corresponds to the actual situation in 
question. Firstly, if Y is within the newly re-defined lower and upper 
limits, Y itself is reported to be the finalised marks, as in (28) & (30). 
Secondly, if Y is less than the re-defined lower limit, the value of this lower 
limit itself^ which is equal to the lower of the two values (X-S) and z, is 
reported to be the finalised marks, as in (23) or equivalently in (26) & (27). 
Lastly, if Y is higher than the re-defined upper limit, the value of this upper 
limit itself, v^iiich is equal to the higher of the tw^o values (X+S) and z, is 
reported to be the finalised marks, as in (25) or equivalently in (31) & (32). 

Although we have described the above details in a simple enough 
language, the mathematical/combinatorial structure involved is very 
appealing and probably would evoke enough interest on your part to 
study/analyse further details. 
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Note that the entries in the last column of Tables 3, 5 & 7 give the 
result of application of this proposed procedure for the corresponding data 
therein. 

ft 

9.1 Continuity of the System Model: 

The suggested system model doesn't have any discontinuities w.r.t. 
each of the parameters X, Y, z. The relations (23H25) can immediately 
show that V is a continuous function of the variable Y. The same can also 
equally well be inferred from relations (26H32) considering Y as the 
variable and treating S, X, z as parameters having some (any) fixed given 
values. 

To see the continuity of v w.r.t. X we need to re- write the same 
system model by considering X as the independent variable and treating 
S, Y and z as parameters having some (any) fixed given values, as follows: 



if 


(z-S) 


< 


X 


< 


(Y-S) 


:then v <- (X+S) 


(33) 


elseif 


X 


< 


(z-S) 


< 


(Y-S) 


:then v «- z 


(34) 


elseif 


X 


< 


(Y-S) 


< 


(z-S) 


:then v <— Y 


(35) 


elseif 


(Y-S) 


< 


X 


< 


(Y+S) 


:then v <- Y 


(36) 


elseif 


(z+S) 


< 


(Y+S) 


< 


X 


:then v ^ Y 


(37) 


elseif 


(Y+S) 


< 


(z+S) 


< 


X 


:then v <— z 


(38) 


elseif 


(Y+S) 


< 


X 


< 


(z+S) 


:then v <- (X-S) 


(39) 
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Here one can easily see that each of the relations in the set (33)-(39) is 
nothing but the corresponding relation in the set (26)-(32), taken in the 
reverse order, and re-written for our convenience. Again for any fixed values 
of the parameters S, Y, z, this system represents v to be a continuous 
function in the variable X. 

Lastly, in order to shov^ the continuity' of v as a function of z, the 
system model (26)-(32) can as well be looked at, considering z as the 
variable and treating S, X, Y as parameters. It is quite easy to realise that at 
each of the possible transition points, the function v is in fact continuous 
w.r.t. z. 

» 

9.2 Graphical Representation: 

Figure-4 represents graphically the effect on v, of the 
perturbations/variations in X or Y or z in various possible environments. 
It is clear that v, the final marks reported, v/hen viewed as a function of the 
three numbers, X, Y, z, is found to be a piecewise linear continuous 
function that is monotonically non-decreasing w.r.t. each of the 
variables/ parameters. 

10.0 SUMMARY: . 

A systematic analysis of a procedure designed to finalise the marks, 
regarding the re-valuation of university examination papers, is presented 
here. It clearly demonstrates how an obviously simple and intuitively 
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appealing design (of a procedural system, in this case) can in fact lead to an 
utterly unexpected poor performance, thus necessitating some in-depth 
analysis with appropriate attention-to-detail, in order* to come up with a 
rational and systematic redesign with the desired characteristics. The 
proposed new system design, while maintaining an even better intuitive 
appeal, eliminates the undesirable jumpy behaviour that was observed in the 
existing system design. 

11.0 CONCLUSION: 

It is interesting (and of course encouraging) to observe that a detailed 
systematic analysis, like the one presented here, helps to detect, identify and 
possibly deal with such lurking problems showing up in the behaviour of 
some systems, especially those that were probably designed by some form of 
integration (putting together) of several (probably appropriate) pieces 
(component subsystems) without a thorough study, and wherein they turn 
out to interact in quite an unexpected and possibly undesirable manner. For 
example, specifically in this case of the existing procedural system, it is 
somewhat easier (if one attempts) to visualise the jump discontinuities 
located at the transition points represented by t and T. But, it certainly 
requires a deeper understanding, to realise the possible existence of the 
jump discontinuity located at the transition point represented by s, arising 
out of a possibly unint^ed, unforeseen and undesirable interaction, 
between the design meant for the component subsystems, one representing 
the situation not requiring third valuation, and the other one that requires it. 
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As has been illustrated here- by typical example cases, these different 
kinds of interactions may, either singly or in combination, pose unexpected 
and undesirable behaviour with possibly serious implications to the ones 
affected. It is always worth to study a situation or a process or a design with 
the systems approach! 

12.0 REFLECTIONS: 

It is often the case, that in real-life, our system anticipates, expects, 
supports, encourages, rewards and even glorifies devolutionary confonnism; 
to the extent of ignoring, marginalising, discouraging, opposing, 
condemning and even penalising any evolutionary' reformism; that eventually 
we end up with an unavoidable irreversibility of facing nothing less than a 
system-failure, many a times cleverly (or helplessly? or just routinely?) 
•attributed to some less-than-expected performance of some (over- 
stressed, over-strained, or just neglected) targeted component subsystem. 
This whole process works like a vicious circle. Instead of treating a systemic 
disease, some one is made a patient to get (mis)treated. The real disease goes 
undiagnosed, some patient succumbs, and the whole cycle repeats, with the 
diseased impatient system targeting the next patient one to be (mis)treated. 
In spite of the odds being generally iu favour of consei-vatism that may even 
advocate a rationalisation of such a system, we prefer to remain biased in 
favour of optimism in this regard: and even wish, that we make a sincere 
attempt in thinking whatever is rational rather thanj^B^a: attempt in 
rationalising whatever we think. 
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Table- 1: Characterisation of Simple Jump Discontinuities: 



^'Sign" of the Jump 


The function ^kes the value of tlie 


left-limit 


riglit limit 


(+) upward 


d-jump 


p-jump 


(-) downward 


q-jump 


b-jump 


(±) up/down 


c|-jump 


l)-jump 



Table - ^: Three Classes of Simple Jump Discontinuities in u w.r.t. z 
under one environment: 



Environment 


Jump Class 


Placement 


Size 


z&{TxstsyT} 


{(Tzq)xs(pt)sy(Tq)} 


z = {T = L} 


q = [(x+T)/2]-[t] = - w 


{(Tq)xs(pzt)sy(Tq)} 


z = t 


P = [(t + y)/2]-[(t+x)/2] = w/2 


{(Tq)xs(pt)sy(Tzq)} 


z = {T = R> 


q = [t] - [(y+T)/2] = - w 



Basic Parameters: S, x, y. 



Derived Parameters: w= (y-x) 

t ^ (x + y)/2 
L ^ (X - w) 
R ^ (y + w) - 
T ^ {L or R} 
s ^ {(X + S) or (y - S)} 



Table -3: Perturbations in z: 



X 


y 


z 


u 


Jump class 


V of Section 9. 1 


28 


41 


15 


35 


{(Tzq)xs(pt)sy(Tq)} 


18 (28) 






16 


22 




18(28) • 


29 


49 


38 


34 


{(Tq)xs(pzt)sy(Tq)} 


39 (38) 






39 


44 




39 (39) 


44 


55 


66 


61 


{(Tq)xs(pt)sy(Tzq)} 


55 (45) 






67 


50 




55 (45) 



Table -4: Eleven Classes of Simple Jump Discontinuities in u w.r.t. x 
under six environments: 



Environment 


Jump Class | Placement 


oize 


x&{Tsytz} 


{(Txq)(t)s)ytz} i 


X = T = y - \v 


n = r^v4-T\/91 ffl = w 

q Lvy^ A ;/zj - [ij - w 


{(Tq)(t)xs)>tz} 


X = s 


b = r(v+sV21 = ± S/2 


Xi&{sTytz} 


{(bxs)Tytz} 


X - s 


i_ f f y > 1 r*! < 0 > 

i> - - [t] - {-Si - w/2 


AOc \ o 1 Lxy f 




V — c 


- [U}l-[t] - w/2 - {.5} 


x&{Tsztv} 


{(Txq)(lDs)zt>'} 


X ^ T = z-w 


q = [(z+T)/2] - [t] = - w 


uiqXpx.s)zty} 


X = s 


b = [{.!}] -[(z+s)/2] =(w±S)/2 


x&{Tzsty} 


{(Txq)z(ps)ty} 


X = T = z - w 


q = [(z+T)/2] - [t] = -w 


{(Tq)z(pxs)ty} 


X = s 


P- = [{i}]-[(z+sy2] = (w±S)/2 


x&{Tztsy} 


{(Txq)z(pt)(ljs)>'} 


X = T = z - w 


q = [(z+Ty2]-[t] = - w 


{(Tq)z(pxt)a>s)y} 


X = t 


P = [(t+yy2] - [(t+zy2] = vv/2 


{(Tq)z(pt)(ljxs)y} 


X = s 


l> = [{i}]-[(y+sy2] = ± s/2 i 

1 


Basic Parameters: S, y. z. 

Derived Parameters: w = abs(z - y) 

t ^ (y + z)/2 
T ^ L ^ (Vliniy, z} - w) 

s ^ (y - S) 



Table -5: Perturbations in x: 



X ! 


y 


z 


u 


Jump Class 


V of Section 9. 1 


26 






46 1 




{(Txq)(l3s)>1z} 


39 (29) 


27 






33 


qp 




39 (29) 


28 


39 


52 


34 






39 (29) 


29 






(29) 39 -J 




{(Tq)(bxs)ytz} 


39 (29) 


22 


33 


42 


38 




33 (23) 


23 






33 (23) 


{(bxs)Tytz} 


33 (23) 


26 


37 


33 


35 




36 (27) ' 


27 






37 (27) 


{(l)xs)Tzty} • 


37 (27) 


29 


ft' 




40 ] 




{(Txq)(l?s)zt>.-} 


39 (33) 


30 






33 






40 (33) 


31 


43 


36 


34 






41 (33) 


32 






34 ■ 






42 (33) 


33 






(33) 43 -J 




{(Tci)(l5xs)zty} 


43 (33) 


17 






35 


{(Txq)z(ps)t>'} 


29 (29) 


18 






24 




29 (29) 


30 


41 


29 


30 




40 (30) 


31 






(31)41 


{(Tq)z(pxs)ty} 


41 (31) 


18 






54 


{(Txq)z(pt)(l)s)y} 


42 (42) 


19 






31 




42 (42) 


53 


66 


42 


48 1 




{(Tq)z(pxt)(l?s)y} 


63 (53) 


54 






60 






i 64 (54) 


55 






61 


pb 




; 65 (55) 


56 






66 (56)J 




{(lq)z(pt)(|3xs)y} 


j 66 (56) 



Table - 6: Eleven Classes of Simple Jump Discontinuities in u w.r.t. y 
under six environments: 



Environment 


Jump Class 


Placement 


Size 


y&{ztxsT} 


iztxfsvol¥Ta)i 


V = s 


d = rrx+sV2i - = t s/2 






a = rtl - rfx+TV^l = - w 


y&{ztxTs} 


{ztxT(s>'q)} 


y = s 


q = rtl-f{-4}l = -w/2 -{|} 


v&^xtzTsi 


ixtzTCsvdl)^ 






y&{xtzsT} 






q - l(zH-s)/ZJ - [{x/J ~ (w-h:^)/Z 


{xtz(sc| )(Tyq)} 


y = T = z + w 


q = [t] - [(z+T)/2] = - w 


y&{xtszT} 


{xt(syd)z(Tq)} 


y = s 


d = [(z+s)/2]-[{i}] = (wTS)/2 


{xt(sd)z(Tyq)} 


y = T = z + w 


q = [t] - [(z+T)/2] = - w 


y&{xstzT} 


{x(sycl)(pt)z(Tq)} 


y = s ^ 


i = [(x+s)/2]-[{^}] = TS/2 


{x(so|)(pyt)z(Tq)} 


y = t 


p = [(z+t)/2] - [(x+t)/2] = w/2 


{x(so|)(pt)z(Tyq)} 


j y = T = z + w 


q = [t]-[(z+T)/2] = - w 


Basic Parameters: S, x, z. 

• 

Derived Parameters: w = abs(z - x) 

t ^ (X + z)/2 

T ^ R ^ (Max{x, z} + w) 
s ^ (X + S) 



Table 



- 7: Perturbations in y: 



X 


y 


z ] 


u 


Jump Class 


V of Section 9. 1 




39 




39 (29) 1 


1 


{ztx(syc^)(Tq)} 


39 (29) 




40 




35 






39 (30) 


29 


41 


16 


35 


dq 




39 (31) 




4Z 




36 




{ztx(sc( )(Iyq)} 


39 (32) 




43 




23 1 






39 (33) 


Zy 




zo 


39 (29) 


{zt\l(syq)} 






40 , 




25 




39(30) 


25 


35 


29 


35 (25) 


{xtzT(syc| )} 


35 (25) 




36 




27 




36 (26) 




--> 

36 




36 (26) -1 




{xtz(sy(^ )(Tq)} 


36 (26) 


26 


37 


32 


35 






36 (27) 




38 




35 


dq 


{xtz(so|)(Tyq)} 


36 (28) 




39 




29 ' 






36 (29) 




34 




34 (24) 


{xt(syd)z(Tq)} 


34(24) . 


24 


35 


42 


39 




35 (25) 




60 




51 


{xt(sd)z(Tyq)} 


42 (42) 




61 




33 




42 (42) 




38 




(28) 38 - 




{x(s)cj)(pt)z(Tq)} 


38 (28) 




39 




34 


qp 




39 (29) 




40 




34 


i {x(sc!)(pyt)z(Tq)} 


40 (30) 


28 


41 


53 


47 






41 (31) 




42 




48 




42 (32) 




77 




65 




53 (53) 




78 




66 


{x(sc|)(pt)z(Tyq)} 


53 (53) 




79 




41 




53 (53) 



Table - 8: Fifty Distinctly Different Classes of Simple Jump Discontinuities: 



{ X < Y < z } 
It, 2T, 4s 


{ X < z < Y } 
U 6T, 4 s 


{ z < X < Y } 
It, 2T, 4s 


{ z < Y < X } 
It, 2 T, 4 s 


{ Y < z < X } 
It, 6T, 4s 


{ Y < X < z } 
It, 2T, 4s 


q;AS(pi;s i ( i zq;} 


{(Tq)Xs(pzt)sY(Tq)} 


{(Tzq)Xs(pt)sY(Tq)} 


{(Tzq)Ys(pt)sX(Tq)} 


{(Tq)Ys(pzt)sX(Tq)} 


^(^lq^Ys(,pt;sA^izq)| 


{(TXq)(ps)Ytz} 
{(Tq)(pXs)Ytz} 
{(bXs)TOz} 


{(pXs)TztY} 
{(TXq)(ps)ztY} 
{(Tq)(pXs)ztY} 
{(TXq)z(ps)tY} 

{(TXq)z(pt)(ps)Y} • 


{(Tq)z(pXs)tY} 

{(Tq)z(pXt)(ps)Y} 
{(Tq)z(pt)(pXs)Y} 


{(Tq)z(pYs)tX} 

{(Tq)z(pYt)(bs)X} 
i('Ta)z('Dt¥bYs)Xi 


{(bYs)TzLX} 
{(TYq)(bs)ztX} 
{(rq)(bYs)ztX}, 
{(Tyq)z(ps)tX} 

{('nq)z(pt)(bs)X} 


{(TYq)(bs)Xtz} 
{(Tq)(bYs)Xtz} 
{(bYs)TXtz} 


{Xt(sYd)z(Tq)} 

{X(sYq)(pt)z(Tq)} 
{X(sq)(pYt)z(Tq)} 


{(XtzT(sYq)} 

{Xtz(sYq)(Tq)} 

{Xtz(sq)(TYq)} 

{Xt(sd)z('n'q)} 
{X(sq)(pt)z(TYq)} • 


{ztX(sYq)(Tq)} 
{ztX(sq)(TYq)} 
.{ztXT(sYq)} 


{ztY(sXd)(Tq)} 
{ztY(sd)(TXq)} 
{ztYT(sXq)} 


{YtzT(sXd)} 

{Ytz(sXd)(Tq)} 

{Ytz(sd)(TXq)} 

{Yt(sd)z(TXq)} 
{Y(sd)(pt)z(TXq)} 


• 

{Yt(sXd)z(Tq)} 

{Y(sXd)(pt)z(Tq)} 
{Y(sd)(pXt)z(TcO} 



X 


Y 


2 










44- 














z% 






34- 


2^ 






3^- 




5^ 


A-7 

4-^ 

^■o 


71 


^3 
^3- 

34- 

4i- 

5 O 


It 


2A 


4-3 




40-^ 


— 


30 
3 / 






33- 




3Z 






34- 


i 


33 






43- 


i 






42 


4S-' 






-54- 




56- 





X 






u. 


2S 


4-4 




21 ^ 






33 


32 P 








40 








32 ^ 






61 


36 > 


2S 


41 


i 3 

1 /6 




2^ 


4^ 


1 J. 


34 p 
44 ' 








44 


53 


^6 
67 


56 >^ 



V 
A 


7 










i o 






40 










41 








\ 


42 


-- - 




36- 










23- 








3Z 

— ^ >^ - 






37- 






3^ 




^ O 






3 r> 




1 






lr\ 






250 




—y CI 1 

3s 










34- 


1 






40 


1 










4 1 

J. 












_i> 1 


•40 






6 1 




61- 






62 




57- 






63 




57- 






64 




45-1 





